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リンゴのY字形棚整枝における物質生産と
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果樹の物質生産については,ブドウで高橋 (1986)が,ナシでは小豆沢 ら (1983),イ
チジクでは株本 (1986),倉橋 ら(1989a), クリでは荒木 (1981),キウイフルーツでは






1991,1992a,1992b,1994a i 1994b iと5 ,19 5b,1995c,1995d).本稿はそれ らの結
果を総合的に取 りまとめたものである .
第 1章にY字形の樹形と棚の構造について述べ,第Ⅱ章ではY字形と主幹形の リンゴ `
お、じ'における果実収量と品質を,また,第皿章では整枝法の違いを純生産量 と果実への












































































































































































































































































果皮と果心を取 り除き,ジューサーで果汁を採取 し,糖度は屈折糖度計 (アタゴ製)で測
定 し,満定酸含量は0.1規定NaOHで中和満定を行い, リンゴ酸含量に換算 し′て示 した。平均
果重は収穫全重量を収穫個数で除 して求めた。
葉面積を測定するために,落葉前に樹全体を透明寒冷 しゃで覆い,全葉を採取 した,そ
して,その約10%を抽出して,葉面積を葉面積計 (林電工製 AAC 400)で測定 して乾











































































主幹形  327.8 291。9
有意差Z NS   NS
274.8   325。8    326.8   348.6
295,9   829,3    304.5   354.0
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られ,岸本 ら(1971)のナンの報告 と一致 した。
果実品質についてみると,文室 ら(1987)は,カキ `富有'でY字形に類似 した2本主枝
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8年生 リンゴ 1お、じ1の果実乾物率の季節変化を示 したのが第18図である.満開期の4月
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第22図 4年生M.9中間台木樹
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第27図 7年生M.26中間台木樹 `お、げ の新梢長と葉面積の関係(1990)
y = 11,9x + 62.4
r E O。971**
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y 三 0.0015x2 +
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幹   0,9  1.81。3  0,9
主幹からの距離 (m)
Y字形棚整枝樹と主幹形整枝樹における光合成速度の測定位置
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栽tlt密度  栽植 新 梢 (1樹)樹冠占有 葉面積(1樹) LAI(土地面積当)  収 量









珂く/10a   m   m
t,000  1.oxl.o
500    1.4Xl.4
250   2,0×.0
Cm    ヨ隣
19.8a2 210.Oa
26. b  249.2b
24,4b  256.4b
%       m2     m2
100.Oa   5。56a  6 31a   5。56a
100.Oa  10.o2b 10。78   5.01a




kg       kg
7.7a  7,658a
10.5b  5,241b




栽植密度   1果重 硬度 Brix値 リンゴ酸
ヨド/10a        g
と,000         226.9a2
500         262.7c
250         244.3b
lbs     %     g/1oonll
13.5a  lo,7a   O.42a
13.5a  12.8b   O.42a









10.5aZ 36.6a  46.6a
t2.2b  36.9a  47.la
t3.4c  87.9a  48.Oa
46.7a  44.4a  86.9a
48.9a  49.Ob  45,2b




栽植密度  果実  業   新梢   旧枝  旧根 新根  合計
(本/10a)
li 000      795.5aZ 515.2a    622.8a    755,la  225。8a  55.6a 2,970.Oa
500    1,273.lb  929.6b  l,153.4b  l,384,6b  317.3b  75.4b  5t t33.4b




栽植密度  果実  葉  新梢  旧枝  旧根 新根  合計
(本/10a)
1:000      795.5aZ 515.2a  622.8a  755.la  225.8a  55.6a  2,970.Oa
500      036.6a  464.8a  576.7a  692.3a  158.7b  37.7b  2,566.8a




栽植密度   果実  葉  新柑 旧枝 旧根 新根
(珂ド/103)
と,000       27.4a2 17.2a  20.6a  25.3a  7.6a  l.9a
500       25.7a  18.Oa  21.8a  26.9a  6.la  l.5a



























































































cmZ/g   %
89.6   100.0
90.7      90.3
92.5      78.4
97.9      63.3
107.5      55.0
117.9      43.3
128.3      26。9
132.9      15.2
145,2      11.3
152.8       8.3
164.2       6.3
166.7       3.9
171.3    3.9

































































層位 高さ 積算  1果重  果色工  着色率 硬度 Brix値 リンゴ酸

























2.39   807.9
2,94   325,2
3.35   334.4
3.86   309,3
4.29   346.6
4.62   307.3
4.70   278.5
4,70   259,2
lbs    %     g/1001Pl
15.1   13.1    0.44
14.5   13.0    0.40
14.5   12.4    0,44
14.5   11.6    0.44
13,9   11.8    0.44
15.5   11,4    0.47
14.5   10.イ    0.44
14,5   10,7    0.50
15,4   10.5    0.50











































































































































































































































































































































y = -0.0374x + 4.68
r 奮 -0.724**








































y = 2247Ln(x) + 2657
R = 0,907■
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第65図 M。26中間台木樹 `ム、じ'のY字形棚整枝樹におけるLAIと単位葉面積当たりの収量との関係



































































































y = -62.2x2 + 958x ―
R = 0.98ユ








































































整枝法   樹高  樹冠占有  LAI   花芽数   袋掛け数  収穫果数    収 量
面積率        (1樹当)  (1樹当)  (1樹当) (1樹当) (10a当)
m         %                  '孝  オ史        イ固       kg         kg
Y字形V3.00±0.02296.1±2 6 3.09±0.17 300.0±51.4g147.5±11.6 136。4±7。4 44.4±2.7 6,174
圭坤争形Y3.45±0.08 75.0±2 3 2.95±0.16 219.0±24 1 125。1± 6.8 109.0±8。1 33.3±3.5 4,629
Z 平均値±標準誤差V 9年生M.26中間台木樹 `お、し'
第21表 整枝法の違いが9年生M.26中間台木樹 `ム、じ' の受粉・摘果時間
に及ぼす影響(1992)
整枝法         当)
hrimin        sec        hr:mln         sec
Y宇形  7:56±0:5020。6±0.1  75:46±9:46 6.5±0 6










hrimln        sec
l16:47±6:41221±0.9
105:24±6:33 22±1.3













作業項目 Y字形  主幹形 Y字形 主幹形
h
精神労働的作業 整枝・せん定   79.5
夏季せん定 。誘引 16.2
受粉・摘果 96.8


















































































取県の `二十世紀'ナシが459時間, 山梨県の ・白桃'が364時間,福岡の 1富有'が173時
間などとなっており, リンゴでは長野県の有袋 `つがる'が455時間,無袋 `お、じ'が364
時間である。本報告におけるY字形区の作業時間は446時間で,主幹形区の370時間より長



















































とし, `二十世紀'ナンでは小豆沢ら (1983)が,745,3～1,419.lkg/10aで平均 ,053kg/
10aとなったと報告 している。また,イチジクでは I桝井 ドー フィン'が1,561～,865kg/
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Sulllnary
Recendy, the apple cultivation with some dwaflng rootstocks has been increasing
in he Ch】goku distict of Japln.h he usual training system(Central leader systetn),
tree gЮws higher han 4m and wider than 3m at the base to ttke the tess than 20%
light penetration intO the inteior of tree. Therefore, the central leader systena has
many prOblems of low yield,poor fmit quality,Iow efFlciency in orchard management
and so on,、vhich accounts for unstable apple cultivation in temperate area of Japan.
Characte?sics and advantages of he Y‐tr llis system ?血 `F?i' aptte ttees
on M.26/Mambakaidooね肋d PVηカ カ'Var.?ngo Asami)Were sttdied to prove the
supeiotty of he Y―trellis system in he tempertte area.
■Tree fom md trellis smcture suppo?ng trees ofthe Y‐trellis system
The tree spacing,tree fo.i二▲and the Y‐shaped suppo?ng trellis of `F?i' apple
甘ees om M.26/Marubakaido trained to a Y―trelhs systerL Were Studied.
1)The Ytdlis system was planted at 3.6×2m(1,389trees/hつ?h n?_souh
rows.
2)The Y‐trellis system had a continuous inctined plane canopy at he angle of 50
°  above he ho?zontal with a 60-cm iong trunk,20 1ateral branches trをuned for each
side of he Y―tr llis were distributed in a rectangular arrangement,The ttee heigh was
3.Om.
3)The Y―shaped suppolting trellis wih neting cutture was de?sed.
2.Compttison of yields nd仕?t qua iサbetween ・F?i' apple trees tramed to a
Y‐trellis systeJm and a central leader system,
- 133
The yidds ttd fruit quality of`F?i' apple trees on the M.26 interacted仕?ned
to a Y―trellis systern were compared with hose from a central leader systtm.The
expe?ment coninued until he trees were 10-year‐old.
1)The trees in the Y‐trellis systtm consistendy yidded more fmits annually than
did hose ttained to a central leader systemi the foll二er produced 6.9 /10a, 1.2 1mes
more ttlan did the latter in the flnal expe?mental s aso ・
2)No signiflcant difFerence in fmit weight was obseⅣed between two tr?ning
syttems,but he fmit color was supe?or tO and ol ble solids content oriX)Was
higher in fmits harvested from ttle Y―trelhs sys em han from he central leader trees
3)The crOWn density of 10-yr―old trees甘五nedto he Y■dlis syttem reached 98%,
whereas hat of the central leader trees attined only 81%i the maximum leaf area
indices←A1/1and areのWe  Лmott he same,about 3,8 in both ttaining systems,and
the maximum LA1/tree crown area of he Y‐仕elhs w s 4 5, 1.2 imes higher」han
仕lat of the central leader,
4)FЮm above resdts,■seem  possibtt to assume thtt the supeior yield and fruit
qualiv obtained in he Y‐treW s is due to its l?gher crown density as well as aamer
foliage.
3.Companson of dry mtter pЮduction and assimllate partitoEШg between `htti
' apple ttees tramed to ttle Y‐tr llis弱碍 em and ttle central leader system.
The dry matter pЮduction and assimilate pa?t oning rttio(APtt in each Organ of
`Ftti' apple trees on M.26/Marubak?do trained to  Y―trellis system were
compared wih hose甘孤ned tO a central leader to make dear he reason of supeio?ty
of trees ttained to the Y―trellis in yteld.
1)No signincant difFerences in current shoot length,shoot numbeL and leaf area
- 134 -
indeX(LAIJ were fOund between trees trained to he two training systems.The yleld of
the Yifellis trained ttees was 6,945kg/10a,which is 22%higher than that of he
central leader tralned ttees.
2)The dry matter pЮdu(?on and the fruit dry weight of the Y―trellis trees was
2,417kg/10a ttd l,198kg/10a,and 230/O and 43%heavier han hose of he central
leader trees, respecively. The APR into fmit was 49,50/O in he Y‐trellis trees and
43.1ツ6 in the central leader trees , The APR into the current shoot and older wood in
the Y‐trdhs trees were tower ttlan hOse in the central leader trees.
3)There Were signiicant posidve cofrelations between he dry matter pЮducio
and he current shoot length,LAI,and yidd The APR into fmit was positivdy
corelated win he crOwn density,whereas it was neBそ?vely co∬elated win curr nt
shoot and older wood,
4)h can be cOncluded ttat more efFlcient dry matter producion and higher
assimiltte partidoning ratio into fmit of he Y‐trdhs trained trees gave ?se to the
supeior yield over the central leader trees.
4.Seasonal chmge of dry mtter pЮduction in `Ftti' apple trees
l)SeaSOnd chmge of hit gЮwh
The seasonЛ change of fmit gr∞h of8‐year‐old `F?i' apple trees on M,26/
Mambakaido was investigated.
(1)The seasonal growth CuⅣes of he length and he diameter in `F?i' apple
fruit showed a double‐8rowth pattem.
9)The dry matter percentage of the fmit was 23%in Apr,22 of aowe?ng peiod,
M邸鸞St hrOughout the growing seasonぅand then decreased rapidy unti May.29,
increased gradually fromヽlay.29 to Aug.19, after that decreased stowly until Sept、19,
‐ 135 ‐
and increased again frOm Sept.19 to Oct 24 at harvesing time,
(3)The inCreasing rate in dry weigh of fmit was iow from he aoweing ime to
nid―June, and relatively high ffom ■lid―June to early C)ct6be亀and subsequendy
highest from eany october to die haⅣesting time.
2)SeasOnal change of dry matter pЮduc?on in yoRng apple ttees
The seasonЛ change of growh and dry matter production of 4-year‐dd `Ftti'
apple trees on M,9/Marubakaido in a pot of drum cut into halves were investigated.
(1)The leaf area per ttee increased very rapidly from Ap?1 4 at the leaflng ime to
July l, and decreased gradually und1 0ct.21 at he harvesing ime, aner hat,
decreased rapidly in consequence of the defoliation,
9)The dry matttr percentag∝つMP)Of fruit increased gradually from May 25 to
the harvesting ime. I)MP of both leaf and cuttnt shoot increased from May 25 to
Sept.19. I)MP of old shoot decreased frorn he beginning of the growing pe?od to
May 25, and subsequendy increased gradually, restored to the percentage of he
be8inning time at Sept,19,DMP of old root decreased from he begin?ng of the
grOwlng pe?od to May 25, and subsequendy increased gradually until defoliaion
ime
(3)The inCrease of dry matttr pЮduction showed a double―sigmoidal growth
pttem.The dry mtter production of fruit increased rapidly ttom Aug.S to he
haⅣesting time.That of leaf increased rapidly ttom early Ap?i to Jun.1(he irSt
gЮwh pe?od).That of shoot increased rapidly from early Ap?l to Aug.6.That of old
shoot and old root decreased until May 25,and subsequendy increased gradually unil
Oct.21.That of new rOOt increased from early Apttl to Aug.6.
争)Net assimil?on rate(NARJ increased as the gЮwh peiod proceeded from
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Apr.4 u?l Aug,6,and decreased ttom Aug.6 to Sept,16,and increased again ttom
Sept.16 to Nov.21●arveSing ime),Subsequendy decreased until defolittion dme.
5.Seasonal changes of leaf trea and cwent shoot and companson of those between  t
F?i' apple trees ttamed to he Y‐rellis vttem md he central lender syttem.
The characteistics of leaf area and current shoot in `Ftti' apple ttes were
investigtted,and hose of `Fuit' apple ttees ttained to a Yirellis system were
compared with those trained to a central leader system.
1)The relationship bctween current shOOt lengh and leaf area was represented by a
singe reBression,while current shoot length and shoot dry weight was represented by
a quadraic regression.
りThe leaf area of spur began to increase simuitaneously in early Apil,and ceased
in early May. The leaves on the vegetative shoots increased gradually froni the base
of shoot,and ceased in Hlid‐June,
3)The pe?OdS hat the leaves on difFerent shoot reached hdr maximum areas were
as follows i early June for 3cni long shoot, and he end of June for 21cnl long and
39cm iong shoot,and early september for 62cm,114cm iong shoot,respect?ely.
O The Current shoot number in he Y‐甘ellis syttem was more han hat of he
centtal leader system,and the average shoot iengh tended to be shorter in the
Y‐trellis thtt hat of he central leader.Especially,he nuttber of spur(less than
10Cm)Of he Y…tr llis was more than hat of he central leader annuЛly.
5)LAI per tte increased rapidly ttom May to June,and kept conttant from iate
July to the end of the season.The enitrgement of leaF area in the Y―trellis was
completed earlier.
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6`Comp?son liいt cOndition,魚脱 qual"甑d phOtosynh?c rate between ・
Ftti' apple ttees ttamed to a Y‐trellis wstem md a centtal leader systtm.
The ngh condidon,fmit quality and photoッnhetic rtte of `F可1' apple ttees
on he M.26 interstock trained to a Y―trelhs sys em were compared witt hose trttned
to a central leader systelm in order to make clear ttle supe?o?ty of he Y‐trelhs sys m
in the yield and fmit quahty,
1)The fOliar canopy in he Y―trdlis was V―shtted,he leaves covered evenly the
ground surace area:whereas,he canopy of the central leader tree was cylindical and
he leaves were concentrated around he mnk
2)The suⅣey blocks(fohar ZOnes)witt mOre than 200/O rel?ve illumin ce were
ovenly distnbuted over he entire canopy in the Y―trellis, whereas thosc of he central
leader lree were concentrattd in the peiphery of the canopy; hence,the canopy of the
Yttrellis was sl中eior to hat of he centtal leader for liBht interception,
3)Percentage of soluble solids content in he f?it from the Y‐r llis was igher
than lhat harvested froHl ttle central leader tree.The b?x of fruit exposed to
relaively inttnsive illu■lination tended to be higher than hose growing in the shade,
4)There Was a signiflcant posiive correlttion between PPFD(phOtOSynhetic Photon
ユux density)and phOtOSynthedc rate,
5)h can be cOncluded hat,in spite of the smaller leaf area index←AI),the higher
pholosynhetic rttes on ttees tralned to the Yirellis give ise to a supeior yteld.
7.Opimum leaf area index ? `F?i' apple trees
l)he relation between LAI md dry matter pЮduction
The rdation between LAI and dry matter production was investigated on 5-yea卜ol
`F?i' apple trees on he M.9 interstock営五ned to the central leader system.The
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trees were planted with three spacings of l×lm( 1,000 trees/10o, 1.4×
1.4m(500trees/10o and 2×2m(250 rees/1oo
(1)LAI of he apple tree was 5:56 on l,000 trees/10a,was 5,01 om 500trees/10a,
and was 2.34 on 250trees/10a,respectively.
9)The yield and dry matter production per tree were inversely pЮp rtional to h
planting density and hose per u?t land area were directly pЮpo?onЛ to he planting
density.
(3)The higher planting densiけwaS,the lower fresh f?it w ight and soluble solid
content were
e)The maximum dry mtter pЮucion was 2,970kg/10a,and LAI was 5.56.
りhe ЮlatiOn between LAI ttd hit qudiサ
The relation between LAI and fruit quality of 4-yea卜old F?' apple trees on
the M.9 inttrstock trained to he central leader system was invesigated.
(1)The relat?e lluminance decreased as a∝umulative LAI was higher,and was
200/O as accumulatve LAI was 2.8.
9)The percentage of red coloL color index and soluble solid conttnt of fmits
decrensed as he relatlve illunlinance declined)especially decreased extremely as he
relattve illu■?nance was iess han 15～20%、
(3)The percentage of aower_bud folニュニation decreased win the declille of relative
illuminance,it was less than 350/O when the relatve illuminance was iess than 100/0
争)h Order tO produce the fmit win good qudity)it was required that he relative
illuminance was 15-200/0,and LAI was 2.8-3,0.
3)he rel?Ons among cЮwn densり,LAI md yield
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The relations among crown densiけ,LAI and yield of 3-to10-year‐old I Fuii'
apple trees were invesigated
(1)The each crown den?ty ?th a maximum yidd was 100%and 80%in he
Y―trellis and central leader system)and LAI was 4.5 and 2.3 in the Y―trelhs and
central leader systenl,respectively,
(2)The opimum LAI for maximum yields with good fruit quahty was 3 and 2.3)
respecively in the Y―trellis and central leader system.
8,Comp?son of work emcienりb twe  `I?i' apple ttees竹施ed to Ytellis
md central leader systems.
The work ettciency Of `F?' apple trees on I Martlbakaido' rootstock ? h
M.26 interstock trained to a Y―rellis system was compared wih hat廿江ned to a
central leader system.
1)The bud and fmit numbers from trees trained to tte Y―trellis system were more
than hose from he central leader system.Especially,he yield in he Y‐trellis system
was 6.2t/10a,1.3 ti:nes as inuch as the central leader systern.
2)The cOWenion』work required special technique wasれou  96%of an
woridng hours.   .
3)Working hours for he pollinatiOn,fruit hinning and haⅣest per yteld in the
Y‐trellis systena were shorter than hose of the central leader system.
4)The annual working hours in the Yirellis system was 445,691.2 imes as long
as he central leader system. Howcver, the annual working hours per yield in the
Y―trellis system was 100/O sholter than that in central leader systenl, and the
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